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i
This grant supported participation by the University of
Colorado in the NASA - Airborne Auroral expedition in November-
December 1969, analysis of the data obtained during the experi-
ment, and theoretical studies relevant to interpretation of
the results.
Instrumentation
•* •*' " . • . . . •
Observations were made with a scanning spectrometer and
a single channel photometer. The scanning spectrometer is a
half-meter Fastie-Ebert instrument. The grating has a 3000 A
blaze and a thermoelectrically cooled EMR 543E photomultiplier
tube was used. Interchangeable cams provided the capability
to scan over wavelength ranges of approximately 1000, 500, 250,
.100 and 50 Angstroms. These ranges were all used during the
course of the experiment. The duration of a single scan could
be 100, 50, 25 and 12^ seconds, ;the choice being determined
by the brightness and morphology of the aurora, as well as
the wavelength interval under investigation and the spectral
resolution. Observations were made in the wavelength interval
between 3100 and 6300 Angstroms with emphasis on the near
ultraviolet region to take advantage of the optical character-
istics of the spectrometer and the altitude of the aircraft.
V .
The -spectrometer and photometer veiwed through quartz windows.
i
s
Other instruments on board the aircraft observed in the visible
. 1
and near infrared portions of the spectrum.
The single channel photometer was mounted coaxially with
the spectrometer. It recorded the N2 IN (\4278) radiation
and served to monitor the temporal changes of the auroral
brightness during a spectral scan. The electrometer amplifiers
have a D.C. 0-5 Volt output, linear response for the spectro-
meter and quasi-logarithmic for the photometer. Analog
spectrometer and photometer signals were recorded on magnetic
. . ' . . : . ' \
tape, together with a time signal, reference oscillator signal
and fiducial mark. A voice channel contains the conversations
between experimenters and flight director as well as comments
• • . . ' • • • ' ' • i. . .
on auroral conditions by the visual observer.
Calibration -
The slit width of the spectrometer is adjustable; the
resolution, AX/X, is shown in Figure 1 as a function of slit
* i- ,
setting (roughly corresponding to thousandths of an inch).
The absolute intensity calibration as a function of
wavelength of the spectrometer and photometer was obtained
. ' A -
in the laboratory using a black body source of radiation. "
Another calibration was made in the hanger at Ft. Churchill
using the Johns Hopkins .University source. The results of
the rtwo calibrations are shown in Figure 2. The Ft. Churchill
.' . • i
procedure also served as a cross calibration check amongst the
i
various optical instruments on board the aircraft. The wave-
length interval scanned with each of the four cams is determined
i.
by the starting position of the grating as controlled by a
notched cam permanently mounted on the grating shaft. The
notches are numbered from 1 to 53; Figure 3 gives the starting
wavelength as a function of notch position. The wavelength
interval covered by each cam is about 570 less than the nominal
i
value, e.g. the 1000 A cam only scans about 950 A, due to the
flyback portion of the cycle.
The absolute calibration of the \4278 photometer is
shown in Figure 4. The integrated area under the filter
transmission curve is 2.9 A and the width of the pass band
at half maximum is 8.8 A.
The Observational Data
The value of this expedition rested in the complement
of instruments that was used to study the aurora. Optical
detectors covered the wavelength range from the near ultra-
violet (about 3100 A) to the near infrared (about 2 n). The
spectrometers and photometers were supplemented by all sky
cameras, a riometer and a magnetometer. The Colorado
spectrometer was optimized in the near ultraviolet region
of the spectrum but could be operated to a long wavelength
-. 1 •limit determined by the second order overlap.
Observations were usually made in the zenith, through
a quartz window, and occasionally through a side window,
corresponding to a 75 ° zenith angle when the aircraft was
in level flight. The available data for each flight are
listed in the spectrometer log given below. Sufficient
details are given to inform other airborne experimenters of
the information obtainable from the half meter spectrometer
tapes. The first column lists the flight number and the
corresponding date is given in the second column. The time
(U.T.) when some change in setting was made is shown next.
The nominal wavelength interval that was scanned is shown
in the fourth column, and the duration of the scan is listed
next. The notched cam position is indicated in column six
and the slit width is shown in column seven. Column eight
indicates whether the observation was made in the zenith or
out the side window and miscellaneous comments appear last.
For example, during flight 5, on 29 November 1969, beginning
at 0250 UT the 500 A cam was used with the 100 sec scan motor.
The notch was set at position 52 so that the wavelength
-'-.'_.- interval was. between 3840 and 3360 A (Figure 3). In this
wavelength interval there are 2PG and V-K bands of N2>
bands of N2 and the NI line at 3460 A. The .slit setting was
: .,_20,—corresponding to an. average 3 A pass band (Figure 1), the
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Flight Date Time,
No U.T.
1 19 Nov 0600
2 24 Nov 1030
1045
1140
1149
3 26 Nov 0055
0155
0200
.0211
0219
0331
0457
0522
0556
4 27 Nov 0105
0113
0120
0131
0202
0327
0503
0512
0522
0526
0528
HALF METER SPECTROMETER LOG
Cam(A) Motor Position Slit
(sec)
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21
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3
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13
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13
13
13
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13
13
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20
20
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Window Comments
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Side
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Side
Side
Zenith
Zenith
Zenith
Zenith
Side ,
Side
Side
Side
Side
Flight Date Time,
No U.T.
, 0534
0544
5 29 Nov 0225
0250
0307
0628
0650
0700
0720
6 3 Dec 0520
0710
0838
','•• ' i ' 1025
7 4 Dec 0454
0505
0608
0748
0912
8 5 Dec 0616
0815
0823
1130
9 7 Dec 0527
0602
0612
072Q
1030
10 8 Dec 0758
0814
0852
0941
1042
Cam (A)
1000
250
500
500
50
50
50
50
1000
50
1000
1000
1000
1000
1000
1000
50
50
' 50
1000
1000
1000
2000
2000
2000
2000
2000
Motor
(sec)
50
100
100
100
50
50
50
50
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12^
50
50
50
50
50
50
12|
12*
50
100
100
25
100
100
100
100
'100
Position
49 •
34
52
52
14
14
14
several
49
28
49
1
49
4.9
49
49
49
51
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34
49
49
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35
1
35
34
Slit
20
20
20
13
13
13
13
13
13
13
13
13
20
13
20
20
9
5
9
9
13
13
13
13
13
13
13
Window Comments
Zenith
Shut down
Zenith ;
Zenith OGO intercept
Zenith ATS grid
Zenith
Side
Zenith
Zenith Cam tests
Zenith
Zenith
Zenith
Shut down
Zenith
Zenith
Zenith
Zenith
Shut down
Zenith
Zenith
Zenith
Shut down
Zenith
Zenith
Zenith
Zenith
Shut down
Zenith *
Zenith $ :
Side
Zenith
Zenith ,'
Flight Date Time,
No U.T.
1112
1152
1225
1237
1252
11 11 Dec 1911
1922
1948
2146
2159
2251
12 13 Dec 0644
' 1039
1107
1140
13 14 Dec .0547
0936
0949
1005
1015
14 16 Dec 0216
0219
; 0433
0745
0810
15 18 Dec 0820
0833
0846
.'•••-.• 1342
Cam (A)
2000
2000
2000
2000
2000
2000
2000
2000
2000
1000
1000
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Motor
(sec)
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13
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9
13
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1
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9
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13
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9
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Window
Side
Zenith
Side
Side
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Zenith
Comments
i
r
Shut down
Twilight
•' .
Shut down
Twilight
Shut down
Shut down
Shut down
. ' . - . .
Shut down
observations were made in the zenith, and these settings
were used during an OGO-6 overpass.
The photometer monitored only the N2 X4278 band, viewing
in the same direction as the spectrometer.
Flight details, auroral conditions, aircraft parameters,
satellite intercepts and special circumstances appear in
various bulletins issued by the Airborne Science Office in
connection with the expedition, from data collected by all
the experimenters and the general flight log. These bulletins,
together with the experimenters' logs, provide the details
of the auroral observations obtained during the expedition.
Analysis of the Data •
It was noted previously that the data were analog
.recorded on seven channel magnetic tape. It was planned to
-digitize the data so that successive scans could be added
as required by the signal to noise ratio. We have not had
access to the necessary computer hardware for this mode of
data analysis, and have resorted to direct readout of se-
lected scans from the tape on to a chart recorder. A sample
, ' . ' • ' - - i ' • ; . • ' • •
scan is shown in Figure 5. Each tape contains one or more
voltage calibration runs so that the absolute intensity of
the spectral features shown may be obtained.
-• Some 3000 spectra were recorded most of which require
signal averaging (addition of scans) for analysis. A pro-
posal for further reduction and analysis of our data is -
given later in this report.
In the meantime a theoretical study was carried out
that underlies the interpretation, not only of the half
meter spectrometer data, but of all the photometric-spectro-
scopic results obtained on the airborne expeditions. Briefly,
the theory relates observed spectroscopic parameters to the
characteristics of the bombarding auroral particle fluxes.
There are several excitation processes that operate to
produce the various spectral emissions. Some excited
states are collisionally quenched at low altitude if their
radiative lifetime is long compared to the quenching rate.
Three commonly recorded auroral radiations are the N2 IN
band at 4278 A and the 01 lines at 5577 A and 6300 A. The
ratios X6300/X4278 and X5577/X4278 as a function of the
X4278 emission rate can be used to infer the flux ,7, and
spectral hardness a(keV) of the bombarding electron flux.
The results of our computations are shown in Figures 6 and
7 and 8 (taken from a manuscript in preparation).
The validity of this procedure can be tested by compari-
son with appropriate satellite measurements of precipitating
particle fluxes. Indirect verification of the electron flux
can /be obtained by computing excitation rates of several
auro'ral spectral features, e.g. the N2 2PG system,' and 01
lines. Such a study has been done for a coordination between
the CV 990 and OGO-4 from observations obtained during the
1968 expedition (Sharp and Rees, 1972). For this one
occasion predicted and observed emission rates agree reason-
ably well, lending confidence to the theoretical formulation.
Proposal for Future Work
In order to optimize future data reduction and analysis
it is suggested that the observations obtained with the Johns
Hopkins spectrometer and photometer, the Alaska photometers,
and the Colorado spectrometer and photometer be analyzed
together. One individual would become expert in handling
the data with help and guidance from the investigators who
conducted the respective experiments. It is suggested that
the work be carried out in Alaska, where the all-sky-camera
films are available and where there is a large group interested
* '
in and working on auroral phenomena. This possibility has
already been discussed by the concerned individuals and
agreement has been reached. The formal proposal will
originate from the University of Alaska.
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Figure Captions'
Figure 1 Spectral resolution of the half meter spectro-
meter as a function of the slit width setting.
Figure 2(a) Relative sensitivity of the half meter spectro-
meter as a function of wavelength according to
the Colorado laboratory calibration (solid
curve) and the Johns Hopkins field calibration
(dashed curve).
•' . * •
(b) The relative sensitivity must be multiplied by
'* ' •
the quantity shown to obtain the absolute
response of the spectrometer at various slit
settings.
Figure 3 Setting of the notched cam corresponding to
the long wavelength beginning of a spectral
scan. The curve shows an average for the
various cams that .were used.
Figure 4 Absolute calibration of the N£ ING (X4278)
photometer. The uncooled unit has a noise
equivalent signal of about 25 rayleighs.
Figure 5 Data reproduced from magnetic tape comprising
:
 the time interval, from 0730 to 0731 U.T. on
/ 16 December during Flight 14. From top to
bottom are shown the photometer trace, the
spectrometer trace wi.th a 10 fold amplification,
the spectrometer with a 100 fold amplification,
and the time signal. The fiducial, A. C. clock,
and voice channels are not shown. The calibration
appropriate to each channel has been superposed
on the trace.
Figure 6 The ratio of emission rates of the 01 (X6300)
line'to the N* ING (X4278) band as a function
., of the latter for a range of precipitating
electron fluxes with energy distribution
E exp (-E/a) where a(keV) is the characteristic
energy.
Figure 7 The ratio of emission rates of the 01 (X5577)
line to the/N^ ING (X4278) band as a function
of the latter for a range of precipitating
electron fluxes with energy distribution
o •
E exp (-E/a) where a(keV) is the characteristic
energy.
Figure 8 Precipitating electron flux associated with a
range of X.4278 emission rates for a range of
energy distributions of characteristic energy
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